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METHOD FOR ENHANCING SCAN RESOLUTION 



CROSS-REFERENCE TO RELATED APPLICATION 
This application claims the priority benefit of Taiwan application serial no. 
5 90105102, filed on March 6, 2001. 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates in general to a processing method for image scanning, and 
10 more particularly, the invention relates to a method for enhancing scan resolution. 



Description of the Related Art 

Image conversion apparatus, including copy machines, fax machines, and 

scanners, convert a visual image into a certain electronic form to allow printing, storing, 
15 transmission or other functions. Such an apparatus uses an optical sensor such as a 

charge coupled device (CCD) or contact image sensor (CIS) is used for image detection. 

For a color display, the common structure of the optical sensor is formed of red, green 

and blue CCD devices. All the CCD devices are exposed for a certain period of time. 

The sensed charges are then delivered to the analog shifter buffer for the subsequent 
20 processes. 

Typically, to enhance the resolution, the forwarding distance of the optical 
sensor is reduced for each scan, so that more image data are obtained. Consequently, 
the size of the detecting cell in the optical sensor cannot be varied, and the brightness 
obtained by the optical sensor is an average of brightness for several points. To 
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enhance the resolution obtained by this method, the performance of the scanner in 
modulation transfer function (MTF) is deteriorated. 

SUMMARY OF THE INVENTION 
5 The invention provides a method of enhancing scan resolution. By scanning a 

smooth image region with a uniform brightness, a standard brightness can be obtained 
as a reference for calculation. According to the standard brightness, the brightness of 
each pixel can be calculated to enhance the performance in modulation transfer 
function. 

10 The above method to enhance resolution is suitable for use in a scanner with a 

sensor. The range that a detecting cell of the sensor can detect is the original pixels 
with a predetermined number. The result of one detection by the detecting cell is 
called a scanned pixel. A smooth image region is scanned to obtain a smooth image 
data. The smooth image region includes at least the original pixels with the 

15 predetermined number and has a uniform brightness. According to the smooth image 
data, the scanned image obtained by scanning document is then processed. 

In one embodiment of the invention, a calculated smooth brightness of the 
original pixel corresponding to the scanned pixel in the smooth image is obtained. The 
calculated brightness corresponding to the original pixel with the determined number 

20 minus one in the smooth image is used as a standard. The calculated brightness 
corresponding to each original pixel in a document is calculated. A pre-pixel number 
is defined as the number of the original pixel prior to the original pixel to be calculated 
in the document. When the pre-pixel number is greater than or equal to the 
predetermined number minus one, the brightness of the scanned pixel is compared to 

-2- 



FILE: 7061USF.RTF 



the calculated brightness of the original pixel prior to the original pixel to be calculated, 
so that a calculated brightness of the original pixel to be calculated is obtained. When 
the pre-pixel number is smaller than the predetermined number minus one, the 
brightness of the scanned pixel is compared to the calculated brightness of each original 
5 pixel prior to the original pixel to be calculated. The brightness of the scanned pixel is 
further compared to the calculated smooth brightness with a number equal to the 
predetermined number minus the pre-pixel number and minus one. A calculated 
brightness of the original pixel to be calculated is thus obtained. 

According to the above, using the smooth image region with the same brightness 
10 as the standard and through proper calculation, a resolution and a modulation transfer 
function better than the conventional method are thus obtained. 

Both the foregoing general description and the following detailed description are 
exemplary and explanatory only and are not restrictive of the invention, as claimed. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic drawing of one embodiment of the invention; 
Figure 2 is a flow chart showing the embodiment of the invention; and 
Figure 3 is a schematic drawing showing the position of the smooth image 
region of the embodiment of the invention. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In Figure 1, an embodiment of the invention is shown. In this embodiment, it 
is assumed that, the in the forward direction of an optical sensor, one detecting cell has 
a width equal to the length for the optical sensor to advance four times. However, this 
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is not a limitation for the invention. The relationship between such width and length 
can be varied according to specification without affecting the performance of this 
invention. The distance for the optical sensor to advance once is called one original 
pixel width. For example, the original pixel 100, 101 and 102 as shown in Figure 1 are 
5 defined as the original pixels. As a detecting cell is greater than the distance that the 
optical sensor advances once, many light beams from several original pixels are 
received each time the detecting cell detects. The result of such detection is called a 
scanned pixel, that is, the scanned pixels 120, 122 and 124 as shown in Figure 1. In 
addition, the pixel points corresponding to each original pixel obtained by the scanned 
10 pixel are illustrated as the series of the pixel points 140, 141 and 142 in Figure 1. 

In this embodiment, the scanned pixel is obtained by averaging the sum of the 
brightness of all the original pixels in the scanning range. Therefore, the brightness of 
the scanned pixel 120 is the average brightness of the original pixels 100, 101, 102 and 
103. If the brightness of the original pixels 100-108 is aO, al, a2, a3, a8, the 
15 brightness of the scanned pixels 120-130 is DO, Dl, D8 is: 

D0=(a0+al+a2+a3)/4 

Dl=(al+a2+a3+a4)/4 

D2-(a2+a3+a4+a5)/4 

D3-(a3+a4+a5+a6)/4 
20 D4-(a4+a5+a6+a7)/4 

D5=(a5+a6+a7+a8)/4 

When using the original pixels 100-103 as the smooth image region with a 
uniform brightness, 

a0=al=a2=a3 -DO 
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a 4=4*Dl-a3-a2-al 
a5=4*D2-a4-a3-a2 
a6=4*D3-a5-a4-a3 
a7=4*D4-a6-a5-a4 
a8=4*D5-a7-a6-a5 

Thus, after obtaining the brightness of original pixels 100-103, the brightness of 
other original pixels can be obtained. For simplicity, the brightness obtained by 
calculating the scanning brightness of the original pixels in the smooth image region is 
called the calculated smooth brightness. The brightness obtained by calculating the 
scanned brightness of the original pixels in the document is called the calculated 
brightness. For example, the pixels 140, 141, 142 and 143 are the calculated smooth 
brightness, while the pixels 144, 145 and 146 are the calculated brightness. 

Figure 2 shows a flow chart of the above embodiment. In step s202, whether 
the smooth image region is scanned is determined. If the scanning part is the smooth 
image region, in step 204, the scanned brightness DO is in a form of the calculated 
smooth brightness AO. After scanning one row, in step s206 ? the optical sensor moves 
the next row in the forward direction, and goes back to step s202 to confirm whether it 
is still in the smooth image region. If not, the process goes to step s212. In step s212, 
the number of row for the scanned pixels obtained by scanning the document is 
obtained. In this embodiment, the number of the original pixels that the detecting cell 
can detect is X (the predetermined number hereinafter). The original pixel with the 
brightness as the calculated brightness to be obtained is located in the n row of the 
document. Thus, prior to the original pixel with the brightness to be calculated, there 
are n-1 original pixels (the pre-pixel number hereinafter) in the forward direction of the 
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optical sensor. 

In step s212 a if the row number of the scanned pixels obtained by scanning the 
document is less than the predetermined number minus one, the brightness of the 
scanned pixel Dn is multiplied by X (predetermined number) to obtain a multiplication 
5 result in the step s214. And the brightness of the original pixel prior to the original 
pixel (An-1, An-2,...etc.) and a difference between the row number of the scanned pixel 
and the pre-pixel number minus one (X-n) are further subtracted from the multiplication 
result to obtain a subtracted result. The subtracted result is then multiplied to the 
calculated smooth brightness. A brightness of the corresponding original pixel (An) is 

10 thus obtained. If the row number of the scanned pixel obtained by scanning the 
document is greater than the predetermined number minus one, step s216 is performed. 
In step s216, the brightness of scanned pixel multiplied by the predetermined number 
(Dn*X) is deducted by the brightness of the original pixel with a number of 
predetermined number minus 1 (X-l) prior to the original pixel with the brightness to be 

15 calculated. Accordingly, the brightness (An) of the corresponding original pixel is 
obtained After step s214 or s216 ? the process goes back to step s206 until the whole 
document is scanned. 

It is worth noting that though the brightness of the smooth image region has to 
be obtained prior to obtaining the brightness of each original pixel, this is not a 

20 limitation of the invention. In Figure 3, the position of the smooth image range is 
shown. In the scanner, the scanning region 300 is the part that locates the document 
for scanning. The correction board is the apparatus that corrects the brightness 
standard of the optical sensor. A typical correction board is monochromatic. 
Therefore, the correction board 310 is a very good choice of the smooth image region. 
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Under such consideration, the smooth image region 332 is partly located in the range of 
the correction board 310. While scanning the document 330, a calculated smooth 
brightness is obtained from the smooth image region 332 to obtain an image with a high 
resolution. Before scanning the document 320, the smooth scanned region 322 can be 
5 scanned first to obtain the calculated smooth brightness for further calculation. The 
frame 324 is to clearly denote the positions the document 320 and the smooth image 
region 322 only, not a necessary device in the invention. 

While scanning the documents 340 and 350, the smooth image region 342 and 
352 are located behind the corresponding documents 340 and 350. In these two 

10 embodiments, the optical sensor scans the documents 340 and 350 first, and then scans 
the smooth image regions 342 and 352. After scanning the smooth image regions 342 
and 352, the brightness by scanning the documents 342 and 352 is calculated to obtain 
the optimum effect of modulation transfer function. 

In the embodiments as shown in Figure 1 and Figure 2, the calculated brightness 

15 of the smooth image region is used as a reference to calculate the brightness of other 
pixels. It is known to people of ordinary skill in the art that the invention is not 
restricted thereby. One can obtain the scanned image of the documents first, and then 
perform a calculation for each point. The selection of the smooth image region can be 
made in advance, or in a pre-scan step. 

20 According to the above, the invention uses the brightness of the smooth image 

region as a calculation standard. A better resolution and improved modulation transfer 
function can be obtained. 

Other embodiments of the invention will appear to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. It is 
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intended that the specification and examples to be considered as exemplary only, with 
true scope and spirit of the invention being indicated by the following claims. 



